Influenza is one of the most common infectious diseases afflicting humans, particularly the elderly. The murine model has been widely employed for investigation of immunity to influenza virus infection. In this paper, we review the recent advances in understanding the diminished CD8 T cell immune response to influenza virus infection in aged mice. Possible mechanisms of impaired CD8 T cell responses with aging are addressed, including: (1) the role of dendritic cells (DCs); (2) the effect of age-associated changes in the T cell repertoire; and (3) the interactions with CD4 T cells, including T regulatory (Treg) cells and CD4 T helper cells. The aged murine model of the CD8 T cell response to influenza virus is helping to elucidate the mechanisms of immunosenescence which can lead to therapeutic improvements in the primary CD8 T cell response to new infections, as well as the development of new strategies for immunization to prevent influenza in the elderly.
Introduction
Influenza is a disease with serious consequences including hospitalization and death, especially for elderly individuals over 65 years of age. The influenza pandemic of 1918 killed nearly 50 million people worldwide, with the elderly having the highest mortality rate (Johnson and Mueller, 2002; Ahmed et al., 2007) . A strong primary immune response is important for protection against viruses or viral strains previously not encountered, as was the cause of this pandemic. An alteration of the immune system occurs with aging and the primary immune response diminishes, leaving the elderly more susceptible to infectious diseases. Parallel to the aging of the population, the incidence of influenza infection has increased dramatically in recent years. Influenza and its complications were responsible for approximately 36,000 deaths annually from 1990 to 1999 in the U.S. (Thompson et al., 2003) , almost double the number between 1976 and 1990. Today, although none of the top five leading causes of death for the overall population is infectious disease (Hoyert et al., 2006) , influenza and its associated pneumonia kill a significant proportion of the population over 65 years of age and close to 90% of all combined influenza and pneumonia deaths occur in this age group. While the segment of the population over the age of 65 has the highest rate of influenza vaccination, these vaccinations offered less protection due to immunosenescence, protecting only 30-34% of recipients age >65, but up to 90% of those <65 years (Zheng et al., 2007 estingly, during the pandemic H1N1 influenza 2009, the elderly seemed to be protected from influenza to some extent compared to young age groups. Serological data from different countries suggest that this lower susceptibility of elderly to the newly emerged influenza virus might be due to pre-existing antibody immunity (Nicolay et al., 2010; CDC, 2010; Hancock et al., 2009; Miller et al., 2010) .
Seventy-five years ago, Andrewers et al. (1934) demonstrated that the virus of human epidemic influenza can infect mice when inoculated intranasally (Andrewers et al., 1934) . More recently, it was reported that Swine-origin 2009A (H1N1) influenza virus isolated from humans can infect mice with a high infectivity (Maines et al., 2009) . Currently, the murine model is widely employed as a useful model for the investigation of aging, as well as immune response to influenza virus infection (Effros and Walford, 1983; Po et al., 2002; Asanuma et al., 2007) . Many of the recent studies in mice utilize human viruses that have been mouse-adapted (e.g., A/Puerto Rico/8/34; PR8).
In primary virus infections, cell mediated immunity, particularly the CD8 + cytotoxic T lymphocyte (CTL) response, is responsible for virus clearance. The importance of CTLs in primary influenza virus infection has been demonstrated most clearly using athymic, nude mice. When nude mice were infected with influenza virus, these mice were unable to eliminate influenza virus from their lungs. While passive transfer of influenza-specific antibodies could transiently reduce the level of influenza virus in the lungs (Kris et al., 1988) , permanent clearance of influenza virus was only achieved by adoptive transfer of influenza-specific CTLs (Lin and Askonas, 1981; Lukacher et al., 1984) , which directly implicates CTLs in the antiviral defense mechanism against experimental influenza infection. Therefore, assessment of the differences in CTL responses between
